Aims/hypothesis In people with prediabetes, lifestyle interventions and glucose-lowering medications are effective in preventing the progression to type 2 diabetes. It is unclear whether differences in treatment effects between men and women need to be taken into consideration when choosing a preventive strategy for an individual person. Methods We systematically searched PubMed, the Cochrane Library, EMBASE, CINAHL, Web of Science, and reference lists of pertinent review articles from 1980 to June 2013. We conducted random effects meta-analyses of published and unpublished data to determine differences of treatment effects between men and women. Conclusions/interpretation Our study emphasises the importance of preventive interventions in people with prediabetes and indicates no differences of beneficial preventive effects on the incidence of type 2 diabetes and weight gain between men and women.
Introduction
Early detection of prediabetes offers the possibility of using lifestyle or pharmacological interventions to prevent or slow the progression to type 2 diabetes. Numerous studies provide evidence that lifestyle interventions such as changes in diet and regular physical activity [1, 2] , or oral glucose-lowering drugs such as alpha-glucosidase inhibitors, metformin, or glitazones [3] and insulin [4] can delay or prevent the onset of type 2 diabetes in people with prediabetes. To our knowledge, no studies have assessed systematically whether sexspecific differences need to be considered for interventions used to prevent type 2 diabetes in people with prediabetes.
Although the lifetime risk of diabetes is similar in men and women, important differences with respect to onset age, detection and burden of type 2 diabetes between men and women exist. For example, middle-aged men have a higher prevalence of type 2 diabetes than women of the same age, while elderly women have a higher prevalence than men [5, 6] . Furthermore, impaired glucose tolerance (IGT) without impaired fasting glucose (IFG) is more common in women than in men. As a consequence, detection rates of prediabetes are lower in women than in men because OGTTs are more labour intense and are thus less often performed than fasting glucose tests [7] . Studies suggest that prediabetic men and women also differ in insulin resistance with women showing overall better insulin sensitivity [8] .
The objective of our systematic review was to assess differences in effectiveness and risk of harms of commonly used interventions to prevent type 2 diabetes between men and women diagnosed with prediabetes.
Methods
The study was registered in PROSPERO (www.crd.york.ac. uk/prospero/) under the following registration number: PROSPERO 2012:CRD42012003102.
Data sources
We searched MEDLINE (via PubMed), the Cochrane Library, EMBASE, CINAHL, International Pharmaceutical Abstracts (IPA) and Web of Science from 1980 to 11 June 2013. We used medical subject headings (MeSH) and keywords as search terms and combined specific terms for prevention and control of diabetes mellitus, lifestyle interventions and glucose-lowering agents according to our inclusion criteria. We limited electronic searches to 'adult 19+years' and 'human', 'English' and 'German'. The complete search strategy can be found in the electronic supplementary material [ESM] Methods. To minimise retrieval bias, we also used semi-automatic manual searches of reference lists of pertinent review articles and letters to the editor employing the Scopus citation database (www.scopus. com) [9] .
Study selection
Two persons independently reviewed abstracts and full-text articles. Eligibility criteria for studies were defined a priori and are presented in ESM Table 1 . We included randomised controlled trials (RCTs) that compared lifestyle interventions with treatment as usual or glucose-lowering agents, or glucose-lowering agents with active control or placebo. Our population of interest comprised people with prediabetes as defined by the ADA or the WHO [10] [11] [12] . At the time when most studies were conducted, the ADA defined prediabetes as IFG of 5.6 to 6.9 mmol/l and/or IGT (2 h post-challenge glucose) of 7.8 to 11.0 mmol/l with a 75 g OGTT. Because our literature searches went back to 1980, we also accepted older studies [13] [14] [15] [16] that defined prediabetes according to the WHO in 1985, i.e. IGT with or without IFG [12] . The ADA and WHO classifications used fasting plasma glucose levels of 7.8 mmol/l as the lower threshold for diabetes until 1997 and 1999, respectively.
Outcomes of interest were sex-specific differences of the incidence of type 2 diabetes, reduction of fasting plasma glucose and 2 h post-challenge glucose, weight loss, health related quality of life, diabetes-associated comorbidity and mortality. Studies that analysed only women with prior gestational diabetes were excluded due to the lack of a correlating male control group. We dually reviewed all citations and resolved disagreements about inclusion or exclusion by consensus or by involving a third reviewer.
Data extraction and quality assessment
We used standardised data abstraction forms into which trained reviewers abstracted data from each study and assigned an initial rating of the risk of bias. A senior reviewer checked the data for correctness and evaluated risk of bias ratings. If publications did not provide information on differences in treatment effects between men and women, but otherwise fulfilled our inclusion criteria, we contacted authors to request additional data. To assess the risk of bias of RCTs, we used predefined criteria based on the Cochrane Risk of Bias tool (ratings: low -unclear -high risk of bias) [17] .
Data synthesis and analyses
We contacted authors to release unpublished data on sexspecific differences if the published studies did not provide enough detail. Data of continuous outcomes are expressed as means compared with baseline±SD. We conducted metaanalyses if three or more studies that were similar with respect to populations and interventions provided data for quantitative analyses. We calculated either the RR of reducing diabetes incidence or the weighted mean difference of changes on fasting plasma glucose, 2 h post-challenge glucose and body weight.
For each meta-analysis, we conducted a test of heterogeneity (I 2 statistic, Cochran's q-test) and applied both a random and a fixed effects model. For all results, we report random effects models. To detect differences in treatment effects between men and women, we used subgroup analyses and statistically compared subgroup effects. If high heterogeneity was present (I 2 statistic >60%) we explored the reasons for heterogeneity using meta-regressions.
We assessed publication bias using funnel plots, Egger's regression intercept and Kendall's S statistic. Given the small number of trials in some of our meta-analyses, these tests have low sensitivity to detect publication bias. All statistical analyses were conducted using Comprehensive Meta-Analysis, version 2.2.050 (www.meta-analysis.com/index.php).
Grading quality of evidence
We dually evaluated the quality of the body of evidence for each critical outcome of interest using an approach proposed by the Grading of Recommendations Assessment, Development and Evaluation (GRADE) working group [18] . The quality of evidence for each outcome or comparison that we graded incorporates scores on five domains: risk of bias, inconsistency, indirectness, imprecision and reporting bias; it can also reflect ratings for other domains that can be factored in when relevant (e.g. dose-response relationships). We used four grades to designate strength of evidence: high, moderate, low and very low. Grades reflect the quality of the body of evidence regarding differences in effectiveness and risk of harms between men and women. They do not refer to the general efficacy or effectiveness. We reconciled all disagreements in grades through consensus discussion.
Results
Our literature searches identified 2,543 relevant abstracts. We retrieved 304 full-text articles for more detailed examination. ESM Figure 1 depicts results of the searches and the study selection process. Eighteen RCTs (44 articles) met our eligibility criteria [1, 2, [13] [14] [15] . Only three of those, however, published sex-specific results [1, 20, 22, 40] . We contacted authors of the remaining 15 RCTs regarding sexspecific results of their studies. Authors of nine RCTs supplied unpublished sex-specific data upon request [14, 15, 21, 24, 34, 36, 38, 39, 51] .
The majority of the studies reported surrogate outcomes, such as laboratory values (fasting plasma glucose, 2 h postchallenge glucose) or incidence of type 2 diabetes. Change of body weight was the most commonly recorded health outcome. Four studies provided sex-specific results on morbidity and mortality rates [2, 14, 15, 21, [26] [27] [28] [29] [30] [31] [32] [33] [34] . ESM Table 2 summarises population and study characteristics (risk of bias and population characteristics at baseline) of the included studies. In the following sections, we summarise results on sex-specific differences of diabetes prevention by intervention.
Lifestyle interventions
Seven RCTs with more than 1,200 men and 970 women compared lifestyle interventions with treatment as usual [2, 14, 15, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [48] [49] [50] [51] . Follow-up periods lasted up to 6 years.
Lifestyle interventions included regular dietary advice and instructions for physical activity. People in control groups received counselling about diabetes, verbal and written information about diet and exercise or consultation of a dietitian at the beginning of the study phase. Six studies provided sexstratified data on 1,644 men and women with prediabetes for meta-analyses of the effect of lifestyle interventions on diabetes incidence, body weight, fasting plasma glucose and 2 h post-challenge-glucose after 1 and 3 years of follow-up [2, 15, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [48] [49] [50] [51] .
Diabetes incidence We conducted meta-analyses of four RCTs [34] [35] [36] [37] [38] [39] with data on 884 people with prediabetes to assess sex-specific differences of the effect of lifestyle interventions on the prevention of progression to type 2 diabetes. After 1 year, prediabetic people receiving lifestyle interventions had a numerically lower (albeit not statistically significant) risk of progressing to type 2 diabetes than people in the treatment as usual groups (RR 0. The only study with a long-term follow-up (6 years), the Chinese Da Qing study (306 men and 257 women), reported similar treatment effects as the studies described above [14, 26, 27] . Overall, the incidence of type 2 diabetes was statistically significantly lower for prediabetic people who participated in one of three different lifestyle intervention groups than in those who received treatment as usual (RR diet vs treatment as usual 0.64 [95% CI 0.5, 0.8]). No statistically significant sex-specific differences in treatment effects could be detected (Table 1) .
Body weight Pooled results of three RCTs [35] [36] [37] [38] [39] showed that 1 year of lifestyle interventions was more effective in reducing body weight than treatment as usual. Overall, people with prediabetes receiving lifestyle interventions achieved an additional mean weight reduction of −2.44 kg (95% CI −3. 
Glucose-lowering agents
Five RCTs provided data on more than 3,800 men and 5,700 women to assess differences in the efficacy of acarbose, metformin, pioglitazone, rosiglitazone, and the combination of metformin and rosiglitazone between men and women [1, [20] [21] [22] 24] . All studies were placebo-controlled trials; mean follow-up periods varied from 2.4 to 3.9 years (see ESM Table 2 ). We were not able to obtain any information about adverse events, stratified by sex. All five RCTs, with one study for each comparison, reported on type 2 diabetes incidence. Overall, no differences in the preventive effect of therapies with oral glucose-lowering agents between men and women could be detected. The intake of oral glucose-lowering drugs was associated with a reduction of type 2 diabetes. Detailed sex-specific results are illustrated in Table 1 .
Diabetes-associated comorbidity and mortality Only one RCT, the CAnadian Normoglycemia Outcomes Evaluation (CANOE) trial provided sex-specific results of diabetesassociated morbidity after 3.9 years of study duration [21] . Owing to the limited observation time, only a few events were recorded. For example myocardial infarction was reported in 1 of 69 men and 0 of 138 women randomised to metformin and rosiglitazone or placebo (Table 1) . [48] [49] [50] [51] .
Lifestyle interventions vs metformin

Discussion
To the best of our knowledge, this is the first systematic review that assessed potential sex-specific differences in effects of preventive interventions in prediabetic people. Overall, based on data of more than 5,500 men and 7,400 women, our review did not find any relevant sex-specific differences in treatment effects during 1 to 6 years of active interventions. In both sexes, lifestyle and pharmacological interventions had a beneficial preventive effect on the incidence of type 2 diabetes and weight gain.
Clinically, these findings highlight an important issue. Despite differences in age of onset, detection and burden of type 2 diabetes between men and women, the effectiveness of preventive interventions in people with prediabetes is not influenced by the sex. Consequently, clinicians and prevention managers can focus on factors that are known to determine the magnitude of beneficial effects, such as adherence. Several RCTs and observational studies have pointed out that longterm adherence to preventive interventions in prediabetic people can be a substantial challenge, especially when it comes to lifestyle interventions [30, 58] . Benefits of lifestyle interventions are greatest in those with the best adherence [58] . In the Finnish Diabetes Prevention Study (Finnish DPS) participants who achieved one of five predefined lifestyle goals had a 33% lower risk of progressing to type 2 diabetes compared with those who did not achieve any of the goals [59] . In highly motivated participants, who achieved five predefined goals, the risk reduction of type 2 diabetes incidence could be increased to 80%. The proportion of participants in the lifestyle intervention group who achieved four or five predefined goals at the 3 year follow-up was only 14%, despite the highly controlled environment of a clinical trial [30] . In routine clinical practice, the proportion of those not achieving permanent lifestyle changes is probably even greater, albeit with unclear consequences. Although a recent systematic review reported a rapid loss of beneficial effects on the onset of diabetes after lifestyle interventions have been stopped [60] , some long-term observational data indicate that beneficial effects can be maintained for up to 23 years [59, 61, 62] . Despite such challenges, beneficial effects found in prevention trials are applicable to real world situations. Results of the Finnish DPS, for example, were also achieved at a population level in Finland [63] . Utilising positive reinforcements and selecting interventions based on individual preferences would therefore be important for personalised medicine and shared-decision making.
Successful prevention of diabetes also has an economic impact. Recent cost-effectiveness analyses indicate that lifestyle interventions are the most cost-effective approach [58, 64] . In people with prediabetes who are not able to adhere to lifestyle changes, initiation of metformin is probably the next best option, but thus far, no trial evidence confirms this for non-responders to lifestyle interventions.
The efficacy of lifestyle and pharmacological interventions for the prevention of type 2 diabetes has been assessed by other recently published systematic reviews [3, 58] , but none of these studies evaluated sex-specific treatment effects.
Our systematic review has several limitations. First, a third of the eligible RCTs did not provide sex-specific data and could not be included in our meta-analyses. Given that we analysed data with consistent findings on more than 4,400 people with prediabetes, it seems unlikely that additional studies would substantially change our conclusions regarding similar benefits of lifestyle interventions for men and women with prediabetes to prevent further progress to type 2 diabetes. Second, the applicability to populations other than the ones included in trials is unclear. On average, participants in the trials were 45-60 years of age and ethnically diverse. . It is unclear whether findings can be extrapolated to younger or older populations or ethnic groups not included in the study populations. The only study that explored subgroup effects with respect to race was the US DPP. Authors reported that within the lifestyle treatment arm, black women experienced a significantly lower weight loss than black men and Hispanic or white participants (p<0.01) [40] . Further studies need to assess whether lifestyle interventions have a different impact on women and men of different age and ethnic groups. Third, participants in some studies were recruited based on different definitions of prediabetes. Four (Da Qing, Finnish DPS, US DPP and Study to Prevent Non-Insulin Dependent Diabetes Mellitus [STOP-NIDDM]) of the 12 trials recruited participants according to the WHO criteria from 1985, which used a higher threshold for fasting plasma glucose than current definitions [12] . Based on current definitions, some of the patients included in these four studies, therefore, would now be classified as persons with diabetes rather than prediabetes. All of the participants in these four studies, however, had to meet the same thresholds for 2 h post-challenge-glucose as participants in studies with current definitions of prediabetes. Despite differences in definitions, overall, population characteristics were similar across studies (ESM Table 2 ). Fourth, women with a history of gestational diabetes were included in some but not all trials. Studies that included women with gestational diabetes often failed to report the exact proportion of such women. Results of the US DPP, however, indicate similar risk reductions (49-50%) with respect to progression to type 2 diabetes in women with and without a history of gestational diabetes after 3 years of lifestyle intervention [65] . Therefore, we are confident that the unknown proportions of women with a history of gestational diabetes in some studies did not substantially influence the results of our analyses. Fifth, we hardly found any data on sex-specific differences with respect to diabetes-related longterm complications, in particular cardiovascular disease and microvascular complications, or risk of harms. Observational studies on diabetes prevention analysing long-term complications of diabetes are rare [60] and were not analysed in our review. It is conceivable though that a reduction of the incidence of type 2 diabetes will lead to a reduction of long-term complications of the disease. The Da Qing study recently reported that, after 23 years of follow-up, 18% (47 of 259) of women and 41% (127 of 309) of men died. The risk of cardiovascular mortality (heart disease and stroke) was 72% lower for women in the lifestyle intervention arm (HR 0.28 [95% CI 0.11, 0.71]) compared with those who received treatment as usual, while no differences between the male intervention and control groups were observed [62] .
Finally, publication bias is a major concern for all systematic reviews. Despite extensive literature searches, we have no way to be sure we have detected all studies on type 2 diabetes prevention. Due to the small number of RCTs on the issue of type 2 diabetes prevention, the validity of statistical methods to explore publication bias, such as funnel plots, is limited.
In conclusion, our findings emphasise the importance of lifestyle interventions to prevent type 2 diabetes in men and women with prediabetes. Given similar effectiveness of interventions between men and women, clinicians need to focus on other aspects of sex-disparities such as the higher incidence of type 2 diabetes in middle-aged men and gaps in the quality of care between diabetic men and women.
